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a  b  s  t  r  a  c  t
The  tambaqui  (Colossoma  macropomum) is a native  ﬁsh  species  that is  farmed  most  frequently  and  in  the
largest  quantities  throughout  Brazil.  The  high  production  of  this  species  from  ﬁsh  farms  has  contributed
to  the  occurrence  of  emerging  parasites,  which  may  compromise  ﬁsh  health  and  productivity.  In a  batch
of 2500  tambaqui  fry acquired  for  experimental  farming  procedures  in Brazil,  a mortality  rate  of  80%
was  observed,  with  the  ﬁsh  swimming  erratically  and  gasping  for air at  the  water  surface.  From  among
the  specimens  that  were  still  alive,  60  individuals  were  selected  at random.  Organs  or  fragments  of
organs  containing  lesions  and/or  cysts  were  examined  under  an optical  microscope  to  investigate  for  the
presence  of  parasitic  spores.  Of the  60  specimens  of  tambaqui  analyzed,  83.3%  were  found  to  be  infected
in different  organs,  such  as the  gills,  liver,  and  gallbladder  with  myxosporidian  species  belonging  to four
genera,  namely,  Myxobolus,  Ellipsomyxa,  Henneguya  and  Thelohanellus.  The  parasite  with  the greatest
prevalence  was  Myxobolus  sp.,  located  in the gills  (70%),  followed  by  Henneguya  sp.  in the  gills regionyxosporidians (68.3%),  Myxobolus  sp. in the  liver  (63.3%),  Thelohanellus  sp.  in the  liver  (58.3%),  and Ellipsomyxa  in the
gallbladder  (50%).  This  is the  ﬁrst  report  of  parasitic  infection  caused  by  the  genera  Ellipsomyxa  and
Thelohanellus  in C.  macropomum.  The  present  study  reported  the  second  incidence  of  the  occurrence  of
the  genus  Thelohanellus  in South  America.  This  study  suggested  that  the  mortality  among  C.  macropomum
specimens  was  caused  by  the outbreak  of myxosporidians.
ublis©  2015  The  Authors.  P
. Introduction
The tambaqui (Colossoma macropomum)  is considered one of the
argest freshwater ﬁsh in South America. It can reach up to 90 cm in
otal length and can weigh up to 30 kg (Gomes et al., 2010). How-
ver, this species has been suffering drastic reductions in its natural
tocks because it is a highly prized ﬁsh among the riverbank and
rban communities of the Amazon region. To compensate for the
verexploitation of this ﬁsh species, various farming techniques
an be employed, such as use of ﬁsh cage, excavated hatcheries,
nd barrages, among others (Lopera-Barrero et al., 2011).The tambaqui is the native species that is farmed most fre-
uently and in the largest quantities throughout Brazil. It is farmed
n 24 of the 27 states in this country, with an increase in the
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national production by 66% from 2007 to 2009 (Lopera-Barrero
et al., 2011). Data from the Ministry of Fisheries and Aquaculture
(MPA, 2010) show that the production of this ﬁsh from Brazilian
pisciculture reached 46,454 t for the year 2009. The large amount
of production of this species from ﬁsh farms has contributed toward
occurrence of emerging parasites, which may  compromise ﬁsh
health and productivity (Tavares-Dias et al., 2011). Parasites cause
great losses of farmed ﬁsh, especially in the Neotropical region. This
is because of its ecological characteristics, which facilitate rapid
progression, and because of the huge diversity of species (Cohen
and Kohn, 2009). Many parasites in farmed tambaquishave been
described in literature. These belong to several taxonomic groups,
such as Monogenea, Digenea, Acanthocephala, Cestoda, Crustacea,
Hirundinea, and Protozoa (Santos et al., 2013; Tavares-Dias et al.,
2013). Among these parasites, myxosporidians are prominent. In
the class Myxosporea, vegetative stages may  be coelozoic or his-
tozoic, intercellular or often intracellular, and affecting freshwater
and marine ﬁsh in different geographical areas (Casal, 2009; Lom
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
32 M. Videira et al. / Aquaculture Reports 3 (2016) 31–34
Fig. 1. Myxozoan parasites of Colossoma macropomum in the Amazon region. (A) Spores of Thelohanellus sp. found in a fresh preparation of liver. (B) Spore of Thelohanellus
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ip.  in high magniﬁcation, highlighting its unique polar capsule. (C) Spores of Henne
olar  capsules in gills. (E) Spores of Myxobolus sp. in gills (fresh preparation). (F) S
llipsomyxa sp. observed in a fresh preparation of gallbladder. (H) Spore of Ellipsom
nd Dyková, 2006). They infect a variety of tissues and organs, such
s the liver, kidneys, gills, gonads, intestine, skin, and other tissues
Luque, 2004).
Myxosporidians belong to the phylum Myxozoa Grassé, 1970,
nd more than 2200 species have been described. Some of these
re responsible for diseases that give rise to high mortality rates
orldwide (Lom and Dyková, 2006), such as whirling disease
mong salmonids that has a severe economic and ecological impact
Granath et al., 2007). Considering the lack of epidemiological,
linical, and pathological information on diseases of economic
mportance among ﬁshes in the Amazon region, the present study
imed to report an outbreak of an infection with high mortality rate
mong fry of C. macropomum,  caused by myxosporidiosis.
. Material and methodsAmong a batch of 2500 tambaqui fry acquired for experimen-
al farming at the Federal Rural University of the Amazon Region
UFRA), in Belém, Pará, Brazil (1◦27′18′′S 48◦26′43′′W),  a mortal-
ty rate of 80% was observed, with the ﬁsh swimming erraticallyp. in a fresh preparation of gills. (D) Spore of Henneguya sp. with two tails and two
f Myxobolus sp. in gills, showing the presence of two polar capsules. (G)  Spores of
. with two polar capsules. PC, Polar capsule; Ta, tail.
and gasping for air at the water surface. Their mean weight was
3.87 ± 0.45 g and their mean total length was 7.0 ± 1.2 cm.  The abi-
otic water parameters were recorded as temperature 28.0 ± 0.8 ◦C,
salinity 0.5‰,  pH 6.5 ± 0.2, and dissolved oxygen 7.0 ± 0.6 mg/L.
Among the specimens that were still alive, 60 individuals were
picked at random. They were caught with the aid of a small net and
transported alive to the Carlos Azevedo Research Laboratory (LPCA,
UFRA), where they were anesthetized using tricaine methane-
sulfonate (MS-222) at a concentration of 50 mg/L and dissected
under a stereo microscope (Ethics committee on use of animals n◦.
013/2014-UFRA). Organs or fragments of organs with lesions and/or
cysts were examined under an optical microscope to investigate for
the presence of parasitic spores.
For histological examination, small fragments (0.5 cm)  of the
parasitized tissue extracted from the ﬁsh specimens were ﬁxed
in Davidson’s solution (neutral-buffered formalin, glacial acetic
acid, 95% ethanol and distilled water) for 24 h and were then pro-
cessed for embedding in parafﬁn. Sections were cut and stained
with Hematoxylin and Eosin and Ziehl–Neelsen stain (Luna, 1968),
then mounted on slides with a coverslip, and photographed under
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Fig. 2. (A) Histological section of gallbladder showing disporic plasmodia of Ellipsomyxa sp. in lumen (arrow heads) and gallbladder wall (arrow). Ziehl–Neelsen stain.
Magniﬁcation: 40×.  (B) Histological section of gill with cyst of Henneguya sp. (*) in epithe
gill  with spores of Myxobolus sp. (seta). Ziehl–Neelsen stain. Magniﬁcation: 40×. Inset: Sp
of  Thelorhanellus sp. (seta) in hepatic parenchyma. Ziehl–Neelsen stain. Magniﬁcation: 40
Table 1
Prevalences and infection sites of myxosporidians in Colossoma macropomum in this
study.
Parasite Infection site Prevalence
Myxobolus sp. Gills 70.0%
Liver 63.3%
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sHenneguya sp. Gills 68.3%
Thelohanellus sp. Liver 58.3%
Ellipsomyxa sp. Gallbladder 50.0%
 Zeiss Primo Star optical microscope equipped with the Zeiss Axio-
am ERc 5s photographic camera and the AxioVision 5.1 software.
he prevalence of parasites was evaluated in accordance with the
ethods described by Bush et al. (1997).
. Results and discussion
Of the 60 specimens of tambaquis analyzed, 83.3% were found
o be infected in different organs, such as the gills, liver, and gall-
ladder. Myxosporidian species belonging to four genera were
ecorded: Myxobolus,  Ellipsomyxa, Henneguya, and Thelohanellus
Fig. 1). The histological analysis revealed the presence of disporic
lasmodia of Ellipsomyxa sp. in both the lumen and the wall of the
allbladder (Fig. 2A). Moreover, cysts of Henneguya sp. spores were
bserved in the gills (Fig. 2B) and spores of Myxobolus sp. were
ound near the gill arch (Fig. 2C). In the liver, the main ﬁnding was
he presence of Thelohanellus sp. spores distributed in the hepatic
arenchyma (Fig. 2D). The parasite with the highest prevalence was
yxobolus sp., located in the gills (70%), followed by Henneguya sp.
n the gills (68.3%), Myxobolus sp. in the liver (63.3%), Thelohanel-
us sp. in the liver (58.3%) and Ellipsomyxa in the gallbladder (50%)
Table 1).
Varella et al. (2003) reported that tambaquis farmed in ﬁsh cages
howed infections caused by the myxosporidians of Henneguya sp.lium. Hematoxylin and Eosin stain. Magniﬁcation: 40×.  (C) Histological section of
ore of Myxobolus sp. scale bar 5 m. (D) Histological section of the liver with spores
×.  Inset: Spore of Thelorhanellus sp. Scale bar 15 m.
and Myxobolus sp., with a prevalence of 60% and 100%, respectively.
In a hematological study conducted by Maciel et al. (2011), pres-
ence of parasites of the genus Myxobolus was observed, at a low
prevalence (11%). Similar ﬁndings were reported by Matsunae in
relation to Myxobolus colossomatis in the gills (2.9%). Tavares-Dias
et al. (2006) found higher prevalence of these myxosporidians in
the gills and skin of farmed tambaquis (46.6%).
The prevalence of Myxobolus sp. reported in the present study is
similar to that described by Nchoutpouen and Fomena (2011), who
found a prevalence of 75.7% for Myxobolus nchoutnounensis in the
gills and liver. Molnar and Békesi (1993) observed cysts with spores
of M.  colossomatis in juvenile tambaqui, which also parasitized dif-
ferent organs (the ﬁns, gills, heart, and intestinal membrane).
In Brazil, Henneguya sp. has already been described in associa-
tion with Piscinoodinium pillulare, causing an outbreak among pacus
(Piaractus mesopotamicus), which are intensively reared (Sant’Ana
et al., 2012). Yokoyama et al. (2005) reported outbreaks during the
summer caused by Henneguya pagri in Pagrus major,  wherein the
prevalence of infection reached 75%.
Myxosporidians of the genus Ellipsomyxa have been described
parasitizing the gallbladder of several ﬁsh, with low to medium
prevalence (Azevedo et al., 2013). Køie and Karlsbakk (2009)
reported a parasitism rate of 38% due to Ellipsomyxa syngnathi
in Syngnathus typhle,  and Azevedo et al. (2013) reported that the
prevalence of Ellipsomyxa gobioides in Gobioides broussonnetii was
45%. Their data are similar to the ﬁndings of the present study,
without any description of outbreaks relating to this parasitosis.
Thelohanellosis has been reported to induce small losses of
farmed carp in Poland, causing lesions on the ﬁns that do not heal
easily because of secondary infection due to opportunistic bacte-
ria, and these lesions may  be lethal (Antychowicz et al., 2005). The
present study describes infection caused by Thelohanellus sp. in C.
macropomum for the ﬁrst time. Rocha et al. (2014) described occur-
rences of this genus in South American ﬁsh for the ﬁrst time and,
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herefore, the present study provides the second report of occur-
ences of this genus in South America.
Myxozoa parasitism in tambaquis has previously only been
ecorded as being caused by M.  colossomatis (Molnar and Békesi,
993; Tavares-Dias et al., 2006) and Henneguya sp. (Ceccarelli et al.,
990; Martins and Romero, 1996; Varella et al., 2003). This is the
rst report of the occurrence of the genera Ellipsomyxa and Thelo-
anellus causing infection this species.
Water quality parameters were within the acceptable limits
or farming C. macropomum.  No other parasitic and/or patological
gent, except myxosporidians, was detected in the ﬁsh analysed.
hus, data sugest that the high mortaliity observed was  caused by
he outbreak of myxosporidians.
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